Objective. To evaluate the efficacy and tolerability of letrozole plus lapatinib versus letrozole plus placebo in women with hormone receptor (HR) ؉ human epidermal growth factor receptor (HER)-2 ؉ tumors receiving first-line therapy for metastatic breast cancer (MBC).
INTRODUCTION
Estrogen deprivation with agents such as aromatase inhibitors and tamoxifen is standard treatment for postmenopausal estrogen receptor (ER) ϩ breast cancer. However, resistance invariably develops, leading to disease relapse. Endocrine therapy-induced upregulation of signaling pathways of the epidermal growth factor receptor (EGFR) family of receptors-ErbB-1 (EGFR) and ErbB-2 (human epidermal growth factor receptor [HER]-2)-and enhanced ER-mediated transcription, which lead to a more aggressive phenotype, are key adaptive changes associated with estrogen resistance [1, 2] . Just as estrogen deprivation is the cornerstone of treatment for ER ϩ postmenopausal breast cancer, anti-HER-2 therapy is the treatment of choice for HER-2 ϩ breast cancer. Dramatic clinical success is achieved when the HER-2 signaling pathway is blocked in women with breast cancer that overexpresses HER-2 [3] [4] [5] [6] . Approximately 50% of HER-2 ϩ breast cancers are hormone receptor (HR) ϩ , [4, 5, 7, 8] and HER-2 positivity is considered a marker of estrogen resistance [9, 10] . Therefore, dual treatment for tumors that overexpress both receptors is a logical approach. A randomized trial was conducted in women with HR ϩ and HER-2 ϩ metastatic breast cancer (MBC) to determine the impact of combined treatment with the anti-HER-2 monoclonal antibody trastuzumab and the aromatase inhibitor anastrozole versus anastrozole alone. The combination was associated with a median progression-free survival (PFS) duration of 4.8 months, versus 2.4 months for anastrozole alone [7] . Other clinical research also supports the role of combination treatment with HER-2 inhibitors and endocrine blockade in HR ϩ breast cancer [11, 12] .
Synergy has been demonstrated with the combination of tamoxifen and lapatinib in models of endocrine resistance [13, 14] . A phase I study demonstrated no pharmacokinetic interactions between lapatinib and the aromatase inhibitor letrozole [15] . To further examine the role of estrogen deprivation plus anti-HER-2 therapy, we compared first-line therapy using letrozole plus placebo with letrozole plus lapatinib in a phase III study conducted in postmenopausal women with HR ϩ MBC [16] . Full results of this phase III study have been published [16] . Results in the subgroup of postmenopausal women with HR ϩ HER-2 ϩ MBC are presented here.
MATERIALS AND METHODS

Eligibility Criteria
Postmenopausal women with ER ϩ or progesterone recep- Ethics approval was obtained from appropriate local ethics committees and the study was conducted in accordance with the Declaration of Helsinki and Good Clinical Practice Guidelines. All patients signed informed consent documents before enrollment in the study. This study was funded by GlaxoSmithKline.
Trial Design
This was a randomized, double-blind, controlled, parallelgroup, multicenter, phase III study with stratification by interval since completion of prior adjuvant antiestrogen therapy (at least 6 months or no prior therapy versus Ͻ6 months) and location of metastatic sites (soft tissue or visceral versus bone-only disease). Measurable disease was not required at study entry. Eligible patients were randomized to once-daily oral treatment with letrozole (2.5 mg) plus lapatinib (1,500 mg) or to the same dose of letrozole plus a matching lapatinib placebo. Lapatinib dosage adjustments were made in accordance with the U.S. Food and Drug Administration-approved lapatinib prescribing information [18] . No dosage adjustments were allowed for letrozole. Patients were continued on the assigned treatment until disease progression or withdrawal from study and were not permitted to cross over to the alternate treatment in the event of disease progression. Permanent withdrawal from study treatment was required for unacceptable toxicity or grade 3 or 4 interstitial pneumonitis, hepatoxicity, or cardiac dysfunction.
Assessments
The primary endpoint was investigator-assessed PFS in the HER-2 ϩ population determined according to the Response Evaluation Criteria in Solid Tumors (RECIST) [19] . The PFS time was defined as the time from randomization until the earliest date of disease progression or death resulting from any cause. The overall response rate (ORR), clinical benefit rate (CBR), overall survival (OS) time, and safety were secondary endpoints. The CBR was defined as a confirmed complete response, partial response, or stable disease for at least 6 months.
Initially, toxicity was assessed every 4 weeks according to the National Cancer Institute Common Terminology Criteria for Adverse Events (version 3.0), and cardiac function was assessed every 8 weeks. Beginning week 108, toxicities and cardiac function were assessed every 12 weeks. Efficacy was assessed every 12 weeks and at the time of study treatment withdrawal, after which patients were followed only for survival.
The primary endpoint of PFS in the HER-2 ϩ population was powered at 80% to detect a hazard ratio (HR) of 0.645 with an ␣ of 0.05 with 173 events. PFS and OS were sum- marized using the Kaplan-Meier method, with the stratified log-rank test used for comparisons between treatment arms. Cox regression analysis was used to assess the prognostic significance of PFS for the known prognostic baseline characteristics after retaining treatment and stratification factors: age, ECOG performance status score (0 or Ն1), number of metastatic sites, site of disease (bone only or visceral and soft tissue), interval since prior chemotherapy, interval since prior adjuvant antiestrogen therapy, diseasefree interval, and serum HER-2 (extracellular domain [ECD]) at baseline (Ͻ15 ng/ml versus Ն15 ng/ml). The Kaplan-Meier method with stratified log rank was used to 
RESULTS
In total, 1,286 HR ϩ patients were enrolled, of whom 219
had HR ϩ HER-2 ϩ MBC (Fig. 1) . Of these 219 patients, 111
were randomized to the letrozole plus lapatinib arm and 108 were in the letrozole plus placebo arm. Baseline disease and patient characteristics were well balanced between arms. Most patients had stage IV disease and visceral or soft tissue metastases. Approximately half of the patients in each arm received prior antiestrogen therapy and/or prior chemotherapy. Approximately one third of the patients received adjuvant antiestrogen therapy within 6 months of study entry (Table 1 ).
Efficacy
Patients were followed for a median of 1.9 years. The median PFS times in HR ϩ HER-2 ϩ patients were 3.0 months in the letrozole plus placebo group and 8.2 months in the letrozole plus lapatinib group. The HR for the risk for progression was 0.71 favoring the lapatinib group (95% confidence interval [CI], 0.53-0.96; p ϭ .019) (Fig. 2) . When adjusted for baseline prognostic factors, the stepwise Cox regression analysis for PFS confirmed the benefit of letrozole plus lapatinib over letrozole alone (HR, 0.65; 95% CI, 0.47-0.89; p ϭ .008). Younger age, a performance status score of 0, and baseline HER-2 ECD Ͻ15 ng/ml measured by quantitative enzyme-linked immunosorbent assay were identified as significant predictors of PFS. A retrospective analysis within known prognostic factor subpopulations showed consistently longer PFS time with letrozole plus lapatinib than with letrozole alone in the following groups: patients without bone as the only site of metastasis, patients with and without liver metastases, patients with fewer than three or three or more metastatic sites, patients with an ECOG performance status score of 0 or Ͼ0, and patients having received prior hormonal therapy for Ͻ6 months or for Ն6 months/none (Fig. 3) . Patients with bone as the only site of metastasis were not included because of the small subpopulation size. The ORR was also significantly higher in lapatinibtreated patients (28%, versus 15%; odds ratio [OR], 0.4; 95% CI, 0.2-0.9; p ϭ .021), as was the CBR (48%, versus 29%; OR, 0.4; 95% CI, 0.2-0.8; p ϭ .003) ( Table 2) . With a 47% death rate and 41% of patients still being followed for survival, the median OS times were 32.3 months in the letrozole plus placebo group and 33.3 months in the letrozole plus lapatinib group.
Safety
In total, 219 HR ϩ HER-2 ϩ patients were included in the safety analysis. Two subjects randomized to the letrozole plus placebo arm actually received letrozole plus lapatinib, thus the safety population reports on 106 and 113 patients, respectively. Adverse events were reported in 77% of patients in the letrozole plus placebo group and in 96% of patients in the letrozole plus lapatinib group. In both groups, adverse events were primarily grade 1 and 2. The most common adverse events in the letrozole plus lapatinib group were diarrhea (68%), rash (46%), nausea (27%), fatigue (22%), and arthralgia (18%), and in each case, with the exception of arthralgia, the incidence was greater than in the letrozole plus placebo group (Table 3) . Although grade 3 and 4 events were rare (no individual grade 4 event was reported in more than one patient in either group), they Lapatinib plus Letrozole for HER-2 ϩ HR ϩ Breast Cancer were more common in patients receiving lapatinib. The most prominent grade 3 event was diarrhea, reported in 7% of patients treated with letrozole plus lapatinib. No action (dose interruption or reduction) was required in most cases of diarrhea (93%). In a small number of cases, diarrhea was managed by dose reduction (2%) or temporary interruption (4%). No patient required drug withdrawal as a result of diarrhea. There was one investigator-assessed treatmentrelated death in the letrozole plus lapatinib arm and none in the letrozole plus placebo arm. Alanine aminotransferase was increased in 6% of patients in the placebo group and in 11% of patients in the lapatinib group. Grade 1 or 2 hyperbilirubinemia was reported in 4% of lapatinib-treated patients. Details of adverse events are provided in Table 3 .
A relative reduction in left ventricular ejection fraction Ն20% and below the institutional normal limit was reported in one patient receiving letrozole plus placebo and in three patients receiving letrozole plus lapatinib. None of the HER-2 ϩ patients experienced a symptomatic cardiac event.
DISCUSSION
Identification of mechanisms of resistance often serves as the basis for the development of more effective therapies. An association between tumor HER-2 positivity and lack of response to endocrine therapy has been observed [9, 10] . The role of growth factors in estrogen resistance was established in human breast cancer cells, whereby inhibition of crosstalk between ER and HER-2 restored the estrogen responsiveness of ER ϩ breast cancer cells [2] . Moreover, preclinical data suggest that EGFR/HER-2 targeted therapy combined with endocrine deprivation delays the development of resistance [20, 21] . In this study, we applied our understanding of the mechanism of resistance to endocrine-deprivation therapy to the development of a combination regimen that addresses the roles of excess hormones, hormone resistance, and HER-2 overexpression in postmenopausal women with MBC.
Lapatinib is an oral receptor tyrosine kinase inhibitor that targets HER-2 and has not been associated with significant symptomatic cardiotoxicity [22] . We combined lapatinib with the aromatase inhibitor letrozole, which has been shown to have favorable clinical efficacy, compared with tamoxifen [23] .
The addition of lapatinib to letrozole as first-line therapy in postmenopausal women with HR ϩ HER-2 ϩ MBC led to a significantly lower risk for disease progression and longer PFS time, 8.2 months versus 3.0 months, as well as a higher ORR and CBR. These results are consistent with the findings in a similar population in which anastrozole alone was compared with anastrozole plus trastuzumab [7] . Likewise, benefit for the combination of lapatinib and letrozole compared with letrozole alone was seen in all known prognostic factor subpopulations, including patients who were resistant to prior endocrine therapy (i.e., relapsed on or within 6 months of adjuvant tamoxifen), and those with liver metastases or more than three sites of metastatic disease. This suggests, therefore, that dual treatment for suitable patients with tumors that overexpress both HR and HER-2 is a logical approach.
CONCLUSIONS
Women with HR ϩ HER-2 ϩ MBC achieved a statistically significant 29% lower risk for disease progression when treated with letrozole plus lapatinib than with letrozole alone. The combination targeted therapy was well tolerated, with primarily grade 1 and 2 toxicities. These data support the use of letrozole plus lapatinib for first-line therapy of patients with HR ϩ HER-2 ϩ MBC. This trial further confirms that sustained HER-2 inhibition provides benefit in patients with HER-2 ϩ MBC. Moreover, the addition of an oral lapatinib therapy provides a convenient option for women who receive oral endocrine therapy for an extended time.
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